ABSTRAK
INTRODUCTION
Bulb/basal rot disease caused by Fusarium oxysporum (Isniah and Widodo 2015) is one of the most devastating diseases in shallot (Allium cepa var. aggregatum) causing severe yield losses of up to 100% (Dean et al. 2012) . The development of shallot cultivars resistant to the bulb/basal rot disease is highly desirable as an effective strategy to reduce yield losses. Diversity in plant genetic resources provides opportunity for plant breeders in developing new and improved cultivars with desirable characteristics, which include both farmer-preferred traits, such as yield potential and large seed, and breeder-preferred traits, such as pest and disease resistance and photosensitivity (Govindaraj et al. 2015) . In this sense, a better understanding of the genetic diversity in the shallot germplasm is needed in order to explore new sources of the resistance genes to certain diseases to be incorporated into new cultivars.
Resistance gene analogs (RGAs) are large class of potential R-genes that have conserved domains and structural features. These R-genes mostly comprised of a conserved nucleotide binding siteleucine-rich repeat (NBS-LRR) domain structure (Saha et al. 2013) . The RGAs are important resources for the development of molecular markers, hence enhancing numerous disease resistance breeding efforts (Ameline-Torregrosa et al. 2008; Perazzolli et al. 2014 ). The conserved domain in genes such as the sequences of NBS-LRR genes represent opportunities for designing PCR-based strategies with degenerate primers for amplification and isolation of numerous related sequences in other plant species (Sharma et al. 2009 ). Several DNA markers developed from the isolated RGA sequences have been utilized for several purposes, such as genetic diversity analysis, tagging disease resistance related traits, and discovering candidate genes in several crops (Nordberg et al. 2014) . In regards to Alliaceae crops, such as onion (A. cepa sp.) and wild-onion (A. fistulosum), a few RGA sequences have also been identified, published, and registered in NCBI database (Rout et al. 2014) . In Indonesia, the shallot genetic analyses using molecular markers have been reported (Pinilih et al. 2015; Sari 2017) . However, no molecular markers derived from the RGAs has been used. Therefore, the application of DNA marker to differentiate Indonesian shallot genotypes on the basis of RGA would be very helpful to develop shallot cultivars resistant to the bulb/basal rot disease. The objectives of this study were to assess the genetic diversity at conserved domain of RGA in a set of 36 Indonesian shallot genotypes to complement morphological characterization. This study would provide beneficial information to support breeding activities on this crop particularly to develop resistant genotype of shallot against Fusarium disease.
MATERIALS AND METHODS
A total of 36 shallot genotypes were used as plant genetic materials in this study (Table 1) . Of these, Sumenep was known as a superior shallot cultivar in terms of resistance to several kinds of diseases and it is also expected to have high resistance to F. oxysporum (Baswarsiati et al. 2010 ).
Phenotypic Evaluation
Phenotypic evaluation was conducted in the green house and the experiment was carried out in a Completely Randomized Design with ten replications. Each shallot genotype was planted with ten unit polybags with two bulbs per polybag. Twelve importance morpho-agronomic traits consisted of four quantitative and eight qualititative traits were observed from the 36 shallot genotypes. The four quantitative traits consisted of plant height (PH), total weight of bulb (TWB), number of bulb (NB), and weight of bulb per plant (WB). The eight qualitative traits consisted of leaf color (LC), shape of bulb (SB), skin color (SC), intensity of skin color (ISC), terminal basal bulb (TB), division rate of bulb (DB) which is the tendency of bulbs to split into bublets, curvature of plant canopy (CP), and erectness of plant canopy (EP). As a guidance for characterization of the morpho-agronomic traits with any adjustment, the Calibration Book Onion and Shallot was used (Naktuinbouw 2010) .
DNA Extraction and PCR Analysis
Total genomic DNA was extracted from freshlyharvested shallot bulbs according to the cetyl trimethyl ammonium bromide (CTAB) method as described by Doyle and Doyle (1990) . A total of 36 Indonesian shallot genotypes were amplified using 15 RGA markers which were developed from the RGA of Allium sp. (AsRGAs) sequences accessible in the public database (https://www.ncbi.nlm.nih.gov/). List of the primers is presented in Table 2 .
The PCR reaction was performed in a total volume of 20 µl which contained 10 ng DNA template, 0.15 M of each primer, and 1 Kapa2G Fast ReadyMix (Kapa Biosystems). PCR reaction was run on a 96-well GeneAmp® PCR 9700 (Applied Biosystems) using the following program, initial denaturation at 94ºC for 4 min, 40 cycles of 94ºC for 30 sec, 4656ºC (depending upon primers annealing temperature) for 45 sec, and 72ºC for 2 min. The final 7 min was then done at 72ºC. The amplified products were separated by electrophoresis using 1.5% (w/v) agarose gel in 0.5 TBE buffer. The PCR products were then stained using ethidium bromide (10 mg/ml) and documented using ChemiDoc TM XRS (Bio-Rad) transilluminator under UV light. 
Data Analysis
The quantitative traits data were subjected to analysis of variance (ANOVA) using Minitab software package (Ryan and Joiner 2001) and the differences between pairs of means were considered at significant level value of p <0.05. The estimated genetic similarity matrix from the morphological and agronomic traits data was used to construct a dendrogram with the neighbour-joining (NJ) method using DARwin software (Perrier and Flori 2003) in 10,000 bootstrapped replicates.
The PCR product from each marker was scored in a binary form with '1' indicating the presence of an allele, while '0' indicating its absence. Statistical analysis for various genetic parameters, such as number of amplified loci (n), the maximum (Max) and minimum (Min) band size, the percentage of polymorphism (Ppl), and number of effective alleles (Neff), loci and their standard deviations (SD) were computed for each AsRGA marker using POPGENE software version 1.31 (Yeh et al. 1999) . Ppl refers to the number of loci divided by the number of total loci. Other diversity indices, such as allele frequency (pi) and Polymorphic Information Content (PIC) were also estimated. The pi for primers was calculated for each single sample and among all samples as given by pi = 1- ¼ ), where Fb is referred to the band frequency. PIC value were calculated using the online PICcalc program (Nagy et al. 2012) .
RESULTS

Phenotypic Evaluation
All measured phenotypic traits were shown in Table 3 . In general, phenotypic evaluation of the 36 shallot genotypes across twelve morpho-agronomic traits resulted in a wide range of phenotypic variation with the range of coefficient values of greater than 10%. The greatest coefficient of phenotypic variation was observed in TWB (89.57%), whereas the smallest ones was in PH (25.16%). The significant correlation was observed in the following variables: NB, WB, and PH, of which p-value ranged from 0 to 0.298 (Table 4) .
Clustering Based on Morpho-Agronomic Traits
Cluster analysis of all genotypes on the basis of morpho-agronomic traits revealed five distinct clusters (Figure 1 ). Bali Karet was separated apart from other shallot genotypes with genetic similarity coefficient of 16.24 (called as node 1). On the other hand, the remaining four nodes consisted of five shallot genotypes in node 2, six genotypes in node 3, four genotypes in node 4, and 23 genotypes in node 5. In comparison to the five clusters, the 23 shallots clustered in the node 5 showed a closely relationship among genotypes with shared the genetic similarity of 40.93% at least.
AsRGA Marker Analysis
A total of 547 alleles (g) derived from 36 shallot cultivars genotyped by 15 AsRGA markers were resolved in this study (Table 5 ). The amplified fragments ranged from 50 bp to 3.5 kb in size. The number of bands obtained for each primer varied from 3 (primer AsRGA6) to 15 (primer AsRGA12 and AsRGA34) bands, with an average of 8.93 ± 3.83 bands per primer. Of these, a total of 82 (61.19%) bands were polymorphism across shallot cultivars. All the AsRGA primers screened in the thist study revealed marked polymorphism in the shallot genotypes, with a maximum of polymorphic loci of 14% (AsRGA34) and 11% (AsRGA12) and a minimum value of 2.4% (AsRGA3 and AsRGA51).
The PIC values ranged from 0.253 (AsRGA51) to 0.676 (AsRGA28) with an average of 0.444 (Table 6) . The PIC provides an estimate of the discriminatory power of a locus by taking into account the number and the relative frequencies of the alleles. The higher PIC value, the more effective the marker in discriminating individual within a population.
Genetic diversity of shallot genotypes on the basis of AsRGA markers (as loci) was resumed in Table 6 . These data were also an indication of the presence of high diversity among the genotypes. The. The polymorphisms identified were used to generate the genetic dissimilarity. These loci produced a total of 1,512 alleles with an average of 1.946 alleles per marker.
Clustering Based on RGA Markers
Cluster analysis of the 36 Indonesian genotypes on the basis of RGA markers showed six main branching nodes with all genotypes were well separated (Figure 2) . At node 1, appeared to be separated apart from others (GS = 0.74). Similarly, genotype No. 24 (Bima Brebes) was also isolated from the others with genetic similarity of 0.70. This result indicated that the two genotypes, BM-20 and Bima Brebes, had high genetic variation on the resistance gene loci in comparison to those in the others. On the other hand, the three shallot genotypes, No. 36, 34, and 35 which are referred as Super Philips, Bima Curut, dan Bawang Bombay, respectively, could be clearly assigned in a different small group with genetic similarity of 0.69.
DISCUSSION
The correlation among morpho-agronomics traits in shallot is taken into consideration as an important parameter to be carried out. In the present study, three agronomic characters (TWB, WB, and PH) were significantly and positively correlated in good agreement with the regression analysis which showed that the main traits contributed to TWB are PH, WB, and NB (data not shown). These results indicated that the increase of PH, WB, and NB contributed to TWB. This reflected the increase of yield potential resulting from the contribution of significant association of growth attributes, such as PH, bulb weight, and other traits. It is a fact that both correlation and regression analyses would provide benefit to plant breeders for development of new shallot breeding strategy in the future.
On the basis of the twelve morpho-agronomic traits, the 36 shallot genotypes were clustered into five groups. However, the clustering analysis which only derived from the phenotypic traits data might not provide enough information on determination of shallot cultivars relationship, in particular to select appropriate genetic materials to perform a new breeding program. Their genetic relationship may change in heterosis across diverse environmental conditions. Hence, the genetic diversity of shallots at molecular level using RGA would be more powerful in assisting breeders in the development of new breeding materials resistant to Fusarium disease.
The application of RGA as molecular markers in plant breeding has already spread since the last two decades. Since many plant genomes have been sequenced (Monaco et al. 2014; Nordberg et al. 2014) , abundance of RGAs were discovered and more molecular markers developed from the RGA sequences become available for routine marker assisted selection in the future. Recently, many RGAs have been mapped through the gene(s) association mapping approach to be linked to resistance loci to a number of diseases (Ren et al. 2013) . Chen et al. (2015) conducted the gene family analysis of RGAs in relation to Verticillium disease resistance genes in cotton. Similarly, various QTL mapping studies related to disease resistance on the basis of RGAs in several crops have also been reported. These include studies in chili pepper (Pflieger et al. 1999) , soybeans (Kanazin et al. 1996) , sunflower (Bouzidi et al. 2018) , common bean (Mutlu et al. 2008) , and rice (Selvaraj et al. 2011 ). These progressive RGA marker studies are a great sign of its usefulness in plant breeding. Wang et al. (2000) and Ren et al. (2013) have used the RGA markers to analyse the genetic structure and geographic distribution in a diverse collection of rice germplasm. RGAs may also provide clues about the complex mechanisms of resistance, the interactions involved in pathogen recognition, and the evolution of the R-genes (Aarts et al. 1998) . Li et al. (2016) reported that the RGA-based marker development strategies have been successfully applied for the development of diagnostic markers in several crops. The strategy involved four iterative steps, i.e. identification of genome-wide RGAs, identification of potential RGA candidates in the vicinity of the target resistance gene using comparative genomics analysis, designing of SNP markers for candidate RGAs, and marker evaluation using biparental genetic populations and/or association panels.
To our best knowledge, the implementation of RGA markers in shallot breeding program has never been done in Indonesia and our study is the first genetic diversity study on Indonesian shallot genotypes by using RGA markers. Less application of RGA-based markers in supporting the conventional shallot breeding program in Indonesia might be caused by various factors, such as limited numbers in the shallot genetic resources as well as the lack of their genetic diversity knowledge, lack of the desired traits information needed by shallot breeders, insufficient shallot breeders, and lack of the shallot collection being evaluated. To initiate the application of RGA markers on the improvement of shallot crop resistant to Fusarium, therefore, a total of the 15 polymorphic RGA markers developed in the present study were evaluated for assaying the genetic diversity of shallot genotypes which generated six shallot genotype groups.
The genetic diversity using both the RGA markers and morpho-agronomic traits showed high genetic variation in the 36 shallot genotypes. In comparison to the two clustering methods, both clusterings classified the shallot genotypes into different large groups, within different similarity level ranges. In the morpho-agronomic traits-based cluster, the difference in percentage of similarity between the first and last group reached 34.69%, whereas that in the RGA-based cluster reached 15%. These results implied that RGA markers distinguished shallot genotypes more thoroughly compared to morphological characters.
Previous study resumed that RGAs were irregularly distributed in plant genomes and that many reside in clusters (Sekhwal et al. 2015) . This might be other reasons for the differences found in the two clustering methods. In general, the shallot genotypes could not be discriminated based on their collection sites (production centers) either with the morphological or molecular clustering approaches. Similarly, Laila et al. (2013) also reported that genetic diversity analysis using morphological characters on 16 red onions cultivars collected from three different topographical regions (Central Java, West Java, and East Java) did not cluster together according their regions of origin. Hartl et al. (1988) explained that morphological traits was influenced by environmental condition due to unknown mechanism of genetic control and great environmental effects in the process of trait expression. Thus, genetic variation should be the main factor for discrimination of shallot genotypes rather than morphological traits because the morphological traits were not always reliable in the estimation of their genetic relationship.
Clustering based on both approaches revealed that four shallot genotypes (Tajuk, Sumenep, Sumenep-I, and Lokal Boyolali) were always in the same group, implying their high genetic similarities. Emphasing on the probability abundance of the RGAs within each genotype, the results also implied the potential use of Tajuk and Boyolali as alternative resources of resistance genes for the future breeding program in developing resistant genotypes against Fusarium disease in shallot. Nevertheless, the type and number of RGAs within both shallot genotypes might be different from those of Sumenep. Liu (2003) reported some RGAs represented highly divergent defense system in plants containing large and diverse family of genes with conserved motifs and domains. Thus, the clustered distribution of RGAs provides a reservoir of genetic variation to drive the evolution of new R-gene specificities (Michelmore 1998; Young 2000; Zhou et al. 2007) . Tajuk has been known as one of superior genotype which is commonly grown by farmers in East Java province, a production center of shallot in Indonesia (Baswarsiati et al. 2010) . These potential parental genotypes resistant to Fusarium disease would be helpful for breeding activities in the future in Indonesia.
CONCLUSION
Both the RGA markers and morpho-agronomic traits informed the genetic diversity of the 36 shallot genotypes. RGA markers could provide a better shallot differentiation into different groups in comparison to morpho-agronomic traits. The genetic relationship of shallot genotypes obtained in this study would potentially be useful for selection of ideal combination of parental lines to be used in the development of new shallot cultivar resistant to bulb/basal rot of shallot in Indonesia. 
